Objectives: Palmitic acid (PA) comprises 17% to 25% of human milk fatty acids, of which 70% to 75% are esterified to the SN2 position of the triglyceride (SN2-palmitate). In vegetable oils, which are commonly used in infant formulas, palmitate is primarily esterified to other positions, resulting in reduced calcium and fat absorption and hard stools. The aim of this study was to elucidate the effects of SN2-palmitate on nutrient excretion. Methods: In total, 171 Chinese infants were included (within 14 days of birth) in this multicenter study. Formula-fed infants were randomly assigned to receive either SN2-palmitate formula (INFAT, n ¼ 57) or control formula (n ¼ 57). The formulas (Biostime, China) differed only in their SN2 PA proportions. Stool was collected at 6 postnatal weeks. Results: The stool dry weight and fat content of the SN2-palmitate group were lower compared with the control group (dry weight 4.25 g vs 7.28 g, P < 0.05; fat 0.8 g vs 1.2 g, P < 0.05). The lipid component was also significantly lower for the SN2-palmitate group (0.79 g vs 1.19 g, P < 0.05). PA, representing $50% of the saponified fatty acids, was significantly lower in the SN2-palmitate group compared with the control group (0.3 g vs 0.7 g, P < 0.01). Breast-fed infants had a significantly lower stool dry weight, fat content, and saponified fat excretion compared with formula-fed infants (P < 0.01). Conclusions: Similar to breast milk, the SN2-palmitate infant formula primarily reduced calcium-saponified fat excretion. The results of this study further emphasize the nutritional importance of SN2-palmitate structured fat for infants.
H uman milk is the natural and optimal form of nutrition for infants up to 6 months of age (1) . Despite the well-known advantages of breast-feeding, some mothers cannot or choose not to breast-feed and use infant formulas as a substitute.
Infants require bio-available sources of energy and nutrients to meet the requirements for their rapid growth, development, and expanding skeletal mass. An infant's typical nutritional profile involves a high-fat diet with frequent feedings; therefore, efficient fat absorption is required.
Efficient fat absorption is challenging because it is generally recognized that the exocrine pancreas has a poor secretory capacity during the neonatal period in comparison with adults, and the pancreatic lipase content is low.
In breast-fed (BF) infants, this problem is solved by the presence of the bile salt-stimulated lipase and by using fat globule lipids and triglycerides (TGs) with complex structures that enable efficient absorption and processing of a high-fat diet containing highly saturated fatty acids (FAs) without requiring much metabolic effort. For formula-fed infants, nutrient and energy availability depend on the formula composition (2) .
Palmitic acid (PA) is the predominant saturated FA in human milk (3) . Unlike other FAs, whose availability and quantity in human breast milk are affected by the mother's nutrition, PA abundance is conserved in all women regardless of ethnic origin or nutritional status (3) . PA comprises 17% to 25% of the total FAs
What Is Known
Structured triglycerides, in which palmitic acid has been predominantly esterified to the SN2 position, developed to mimic human milk fat, have been demonstrated to benefit fat and calcium absorption, bone mineralization and strength, intestinal flora, and infant crying in healthy infants. Prebiotics, such as galactooligosaccharides, have become common ingredients in infant formulas and have been demonstrated to benefit digestion and nutrient absorption.
What Is New
An SN2-palmitate infant formula reduced stool dry weight and fatty acid excretion in Chinese infants. The beneficial effects of SN2-palmitate for formulafed infants were maintained beyond those of galactooligosaccharides.
in mature human milk, 70% to 75% of which is esterified at the SN2 (b) position of the TG (b-palmitate) (3).
Lipid digestion occurs in both the stomach and small intestine (for a review, refer to (4)). Several enzymes contribute to lipid degradation, and their relative efficiencies reflect the species and age of the individual being considered and the substrate and effects of the particular physiological situation. The first step in triacylglycerol (TAG) digestion is partial hydrolysis into diacylglycerol and free fatty acids (FFAs), which occurs in the stomach and is performed by gastric lipases that preferentially hydrolyze the sn3-ester bond, resulting in the formation of sn1,2-diacylglycerols (5). This gastric predigestion facilitates lipid digestion in the duodenum. Gastric lipid digestion has a more prominent function in young infants compared with adults because it retains some activity in the small intestine in the former, broadening its contribution to lipid digestion. This activity can account for up to 60% of all dietary TAG hydrolysis in infants (6) . The next step of TAG digestion is achieved by hydrolysis by pancreatic lipase, which is secreted by the pancreas from $30 weeks of gestation onward. In both term and preterm infants, however, this enzyme is present at a very low concentration until well into the first year of life (7) . This lipase is position-specific and ideally catalyzes sn2-monoacylglycerol and FFA formation (8) , each of which are absorbed separately. Absorption of unesterified FAs depends on their physical and chemical properties (9) . Unsaturated FAs, such as oleic acid, linoleic acid, and linolenic acid, as well as short saturated FAs, which have melting points below intestinal temperature, are efficiently absorbed, whereas PA and stearic acid, which have melting points higher than intestinal temperature (638C and 708C, respectively), have an increased tendency to form insoluble FA soaps in the intestine that are subsequently excreted in the stool (9) . PA in infant formula is digested and absorbed into tissues as sn2-monoacylglycerol (10), which is the preferred form of PA (11) .
In contrast with human milk fat, most of the PA in vegetable oils is esterified to the sn1 and sn3 positions of the TG (12) , whereas the sn2 position is usually occupied by an unsaturated FA. Infant formulas containing vegetable oils as a fat source provide infants with PA esterified to a different position of the TG compared with that found in human milk. Free PA molecules from vegetable oils, which were originally esterified to the sn1 and sn3 positions, tend to create complexes with dietary minerals, such as calcium (13) . These PA-calcium soap complexes are insoluble and therefore indigestible, resulting in a loss of both calcium and fat and causing harder stools and discomfort to infants (14) .
Structured TGs, in which PA has been predominantly esterified to the SN2 position (SN2-palmitate or b-palmitate), have been developed to imitate breast milk lipids. Regardless of the low concentration of the position-specific lipase in infants (7), the positioning of the PA affects significantly the absorption of this FA and of other FAs as well in formula-fed term (15) (16) (17) and preterm infants (18, 19) (for a review, see (20) ). This reduction in calcium and FA absorption is accompanied by increased calcium soaps and consequently by hard stools (14) . Clinical studies have demonstrated the effects of SN2-palmitate formulas on infant bone mineralization and strength (16, 21) , intestinal flora composition (22) , and crying (23) compared with low-SN2-palmitate infant formulas, that is, those containing high levels of sn1 and sn3 PA.
Prebiotics are added to infant formulas to promote optimum growth and development and to decrease infections (24) . Prebiotics are nondigestible food ingredients that are found in human milk and benefit the host by selectively stimulating the growth and/or activity of one or a limited number of colonic bacteria, thereby improving the host's health (25) .
In recent years, prebiotics such as galactooligosaccharides (GOS) and fructooligosaccharides have become common ingredients in infant formulas. These oligosaccharides have been widely investigated and have demonstrated potential beneficial effects on neonatal intestinal development, digestion, and nutrient absorption, as well as protection against infection.
Nutrient absorption by infants following formula feeding is of particular interest. The aim of this study was to assess the effects of SN2-palmitate formulas on lipid excretion. To the best of our knowledge, this is the first study to demonstrate these effects in the Chinese population using infant formula that already contains oligosaccharides known to affect nutrient absorption.
METHODS

Study Design and Participants
Healthy term infants (born at GA ! 37) who were appropriate for gestational age and <14 days of age were eligible for participation in this multicenter, randomized, double-blind study. Infants were excluded from the study if they suffered from a congenital or chromosomal disorder, neonatal morbidity, or metabolic illness.
Infants were enrolled by medical staff at 5 clinical centers located in 4 different cities in China (Beijing, Shanghai, Changsha, and Chengdu) between June 2011 and April 2012. Formula-fed infants were enrolled in the study after the mother decided unequivocally not to breast-feed. These infants were placed into groups according to a randomization process created by an external statistician based on blocks of 4 using sealed envelopes. BF infants served as a reference group. The formula-fed infants were randomly assigned to receive one of the following 2 formulas: an infant formula with SN2-palmitate (INFAT, Advanced Lipids AB, the SN2-palmitate group), in which 43% of the PA was esterified to the SN2 position of the glycerol backbone, or an infant formula containing a standard vegetable oil mixture, in which 13% of the PA was esterified to the SN2 position of the glycerol backbone (the control group). Both formulas (Biostime, Guangzhou, China) were produced under the same conditions using identical ingredients from the same batches, except for the lipid ingredients, which differed primarily in their FA structural distributions (supplementary Table 1 , http://links.lww.com/MPG/A551).
This study was conducted according to the principles of the Declaration of Helsinki and good clinical practices. The protocol was approved by the ethics committees of each clinical center, and each parent gave written informed consent before inclusion.
Anthropometric Measurements
Growth parameters were measured at enrollment and at 6, 12, and 24 weeks. The following variables were measured: body weight, which was measured on an electronic infant scale, recorded to the nearest 10 g and repeated 3 times, with the average used for analysis, and with exclusion of any clearly erroneous value; body length, which was calculated as the mean of 2 measurements of the recumbent crown-heel length to the nearest 0.1 cm; frontooccipital head circumference, which was measured using a standard 1-cmwide measuring tape to the nearest 0.1 cm.
Stool Collection and FA Analysis
Stool samples were collected by the parents during 24 hours when the infants were 6 weeks of age, with placement of rice paper into the diaper to ensure good recovery of stool. The samples were kept at 48C until they arrived at the clinical centers. The fecal samples were then weighed, dried, stored at -808C and analyzed as described elsewhere (14, 16) . Briefly, the freeze-dried samples were refluxed with petroleum ether to extract nonsaponified FAs. The residues were then refluxed again with petroleum ether (40-60)/ acetic acid to recover soap fats. FAs, which were converted to methyl esters, were analyzed using a capillary gas chromatography apparatus (HP 5890, Hewlett Packard, Palo Alto, CA) that was equipped with a flame ionization detector and an autoinjector system. Separation was achieved on a 30-m J&W capillary column with an internal diameter of 0.25 mm and a film thickness of 1 mm (Agilent Technologies, Palo Alto, CA).
Statistical Analysis
The total saponified FA levels in the fecal samples were used as the key outcome and for sample size calculation. Assuming a multisite study and 20% dropout overhead correction, a sample size of 57 per group was determined to have 80% power to detect a difference with a 0.05 two-sided significance level (25a,25b) . A block randomization procedure with blocks of 4 was used at all sites.
The baseline characteristics of the mothers and infants from the 2 formula groups were compared using the pairwise t-test for scale outcomes and the pairwise x 2 test for nominal outcomes. Stool FA analysis was performed using the nonparametric MannWhitney test.
BF infants served as the reference group; therefore, all parameters were evaluated compared with the BF infants. A P < 0.05 was considered to be statistically significant, with no correction for multiple testing.
RESULTS
Study Population
In total, 171 term infants were enrolled in the study. Of them, 57 were exclusively BF (the BF group), and 114 were randomly enrolled into either the SN2-palmitate group (n ¼ 57) or the control formula-fed group (n ¼ 57). Of the infants, 12 (7%) dropped out during the study period, only 3 of whom (<2%) were from the formula groups (Fig. 1) .
Demographic Characteristics of Mothers and Infants
The maternal and infant characteristics are presented in Table 1 . No significant differences in the maternal characteristics were observed between the formula-fed groups, and few of these characteristics differed between the BF and formula groups, including maternal education, which was higher compared with that of the SN2-palmitate group, and percentage of first pregnancy, which was higher compared with that of the control group. No significant differences in the infant characteristics were observed between the formula-fed groups. Average birth weight was higher in the infants in the SN2-palmitate group compared with that of the infants in the control group (3.45 AE 0.3 vs 3.31 AE 0.4 kg, respectively, P < 0.05). This difference, however, disappeared at enrollment.
Anthropometric Data
The infants' weights, lengths, and head circumferences at enrollment and at the ages 6, 12, and 24 weeks are summarized in supplementary Table 2 (http://links.lww.com/MPG/A552). No significant differences were observed in any of the anthropometric measurements at baseline or at any visit during the study.
Formula Consumption
There were no significant differences in formula consumption between the control and SN2-palmitate groups at 6, 12, or 24 weeks (160.9 vs 163.9 mL Á kg À1 Á day
À1
, 144.0 vs 141.8 mL Á kg À1 Á day À1 , and 110.6 vs 123.1 mL Á kg À1 Á day
, respectively, P > 0.05). Fat intake was calculated based on formula consumption. Supplementary feeding was reported during the study period.
Stool Analysis
Stool samples were analyzed for water content by measuring their weights before and after freeze-drying. There were no differences in water content among the groups (73%, 72%, and 74% for the control, SN2-palmitate, and BF groups, respectively). Stool FA analysis was performed on a neutral fraction of free FAs and on a saponified fraction consisting of FAs bound to minerals, mainly calcium. The results were expressed as the absolute weights of each FA and of the total FAs excreted during 24 hours and as a percent of the weight of 100 mg of dry stool. At 6 postnatal weeks, the absolute 24-h stool dry weight for the infants in the SN2-palmitate group was significantly lower than that for the infants in the control group (4.25 g vs 7.28 g, P < 0.05). Unabsorbed nutrients contribute to stool dry weight. The lipid component of the absolute stool dry weight was also significantly lower for the SN2-palmitate group infants compared with the control infants (0.79 g vs 1.19 g, P < 0.05) (Fig. 2A) .
Most stool lipids were excreted as calcium soaps, which were present at a significantly lower level in the infants in the SN2-palmitate group than that in the control infants (0.56 g vs 1.03 g, P < 0.05) (Fig. 2B ). Significant differences were observed in the levels of all saturated FAs in both the saponified FA and total FA fractions when individual FAs were analyzed; however, no significant differences were observed in the levels of unsaturated FAs (Table 2A) . The main FA in the stool was PA, which comprised $50% of the saponified FAs. The absolute excreted PA in the stool was significantly lower in the SN2-palmitate group compared with that in the control group (0.32 g vs 0.72 g, P < 0.01; supplemental Table 3 , http://links.lww.com/MPG/A553). Similar differences were observed when the FA weight was expressed as a percentage of the stool dry weight (mg/100 mg stool dry weight) ( Table 2) .
The breast-fed infants exhibited the best nutrient absorption because they had a significantly lower stool dry weight, lower stool Control (n = 57) lipid levels, and reduced saponified fat excretion compared with both formula groups (P < 0.01) ( Table 2 and Fig. 2) .
Analysis of the stool dry weight without the lipid fraction also revealed significant differences between the formula groups, with a lower weight observed in the SN2-palmitate group compared with that in the control group (3.31 g vs 5.58 g, P < 0.05). The BF group presented a significantly lower stool dry weight compared with those of both the SN2-palmitate and control groups.
DISCUSSION
In the present study, we assessed the effects of formulas containing high SN2-palmitate levels in addition to prebiotics on FA excretion in infants at 6 postnatal weeks of age, revealing significant differences in stool dry weight and FA excretion between the SN2-palmitate and control groups.
This study demonstrated that infant formula containing SN2-palmitate in addition to prebiotics was well tolerated, and the infants in this group exhibited a similar growth rate to that of the infants in the breast-fed group. As hypothesized in this randomized, controlled, double-blind study, FA excretion of Chinese term newborns who were fed SN2-palmitate formula was significantly lower than that of newborns who were fed control formula. FA excretion of breast-fed term newborns was lower compared with that of newborns fed either of the formulas, emphasizing the superiority of human milk absorption. These data are consistent with those of previous publications that have demonstrated the beneficial effect of SN2-palmitate on FA excretion and absorption in Western infants (15) (16) (17) (18) (19) . This study, however, assessed the effects of SN2-palmitate in addition to those of oligosaccharides included in 2 formulas on infants from a Chinese population. Prebiotics have been routinely added to infant formulas in recent years. A prebiotic is a nondigestible food ingredient that has several potential beneficial effects on neonatal intestinal development, including protection against infection, and facilitation of nutrient absorption (26) . GOS are carbohydrates consisting of chains that include between 2 and 7 galactose units and a terminal glucose unit. They are enzymatically produced from lactose by the food industry and are widely used in infant nutritional formulations to mimic the biological functions of human milk oligosaccharides, including their effects on gut microbiota and the immune system. Studies have demonstrated that formulas containing prebiotics may have beneficial effects on neonatal intestinal development, digestion, and nutrient absorption, although contradicting data have been reported on calcium absorption and on whether these formulas protect against gastrointestinal infection (27) (28) (29) (30) . This study demonstrated that the improved FA absorption of the infants who were fed the SN2-palmitate formula was maintained even with the addition of prebiotics to the formula. Significance was calculated for 2 groups using t-test for continuous parameters and
Ã Significantly different from BF (P < 0.05). y Significantly different from control (P < 0.05)
The infants in this study consumed $30 g of fat/day, which is in accordance with previous reports in the literature (9) . The absorption of fat in term infants has been reported to be >90%, which was also demonstrated in this study. The absorption of FAs from vegetable oils by infants decreases with increasing FA chain length and with an increasing degree of unsaturation (9) . Calculation of the percent of fat absorption based on the amount of formula consumed and the amount of fat excreted in the stool revealed only slight and not clinically significant differences between the formula groups (96% vs 97.4% in the control and SN2-palmitate groups, respectively); however, the difference in the percent of PA absorbed was more significant (88% vs 95% in the control and SN2-palmitate groups, respectively). Assuming that the breast-fed infants consumed a similar amount of fat, absorption was increased in those infants (99% of total fat and 98.5% of total PA). Thus, the differences in total fat excretion detected in this study did not result in a significant clinical effect, but the effect was more prominent for specific FAs.
The difference in the amount of excreted PA and other FAs because of the positioning of the PA on the TG is interesting especially in view of the relatively low presence of the pancreatic lipase, which is the 1,3 stereospecific lipase in infants. Roman et al (31) demonstrated the effect of the gastric lipase HGL, a lipase with a high stereospecificity for the hydrolysis of ester bonds at the sn3 position of glycerol, on the free FAs release in the stomach and revealed that palmitic (C16:0) and oleic (C18:1 n-9) were the main FFA released in the stomach. The release of the long chain FAs in the stomach might also enhance pancreatic secretion and pancreatic lipase activity (31) . Furthermore, Johnson et al (32) demonstrated that the activity of pancreatic lipase-related protein 2 was enhanced by predigestion of both human milk lipids and infant formula lipids by gastric lipase, and the activity of carboxyl ester lipase was stimulated 11-fold following gastric lipase predigestion.
In line with previously published data (16), we also demonstrated that the majority of lipids were excreted in the form of calcium soaps. Because PA is the major saturated FA in infant formula and human milk and because it is primarily absorbed as 2-monoglycerol (10), it is not surprising that it was also found to be the major FA excreted in total fat and in the form of calcium soaps. The proportions of PA and stearic acid in excreted FAs were much higher compared with their amounts consumed in the infants' diets, emphasizing the importance of their positions on the TG. Interestingly, infants who received the SN2-palmitate formula exhibited reduced excretion of saturated FAs, although only the PA TG position was significantly modified. The association between the prevention of palmitate soap formation and an improved absorption of other saturated FAs has been noted previously, and it has been suggested that the formation of palmitate soaps may reduce the absorptive capacity of the gut by binding bile salts or by acting as a solvent for other FAs (16) . We found no significant effect of SN2-palmitate on the daily excretion of unsaturated FAs. The proportions of oleic (18:1) and linoleic (18:2n6) acids in the stool samples were the same for both formula groups. This finding is in accordance with a previous publication by Kennedy et al (16) , who also demonstrated no significant difference in the excretion of these FAs. Human milk is the natural and optimal form of nutrition for infants up to the age of 6 months (1). The results of this study further emphasize that nutrients are optimally absorbed from human milk, as expressed by the lower stool dry weight and stool total FA level of the breast-fed infants compared with those of the formulafed infants.
Our results also revealed markedly reduced stool dry weights in the SN2-palmitate and breast-fed groups at 6 postnatal weeks. Differences in the stool dry weights between the treatment groups may indicate potential dissimilarities in nutrient absorption in general. This finding is of major interest because the existing studies of SN2-palmitate have primarily focused on fat and mineral excretion and to some extent also absorption and have not examined the possible effects of this compound on the absorption of other nutrients. In future studies, the effects of SN2-palmitate on the absorption of additional nutrients should be investigated.
In conclusion, the results of our study demonstrate that infant formula containing SN2-palmitate in addition to prebiotics reduces fat excretion during the first weeks of life. These findings emphasize the importance of the lipid component in infant formulas and suggest that optimal nutrient absorption from human milk may be achieved in part because of the structures of the specific lipids present in this milk.
